The aim of the present study is to estimate the protective efficacy of Brucella abortus lysed cells by GI24 against brucellosis in Beagles. Group A was subcutaneously (sc) immunized with sterile phosphate-buffered saline, and group B was sc immunized with approximately 3 × 10 9 of the lysed cells. Brucella-LPS-specific serum IgG titers and IL-4, TNF-α and IFN-γ concentrations were investigated by enzyme linked immunosorbent assay. All dogs were intraconjunctivally challenged with B. abortus strain 544 at 6 weeks post-prime immunization. The serum IgG titers were considerably higher in group B than in group A. The levels of IL-4, TNF-α and IFN-γ in group B than in group A were significantly higher. Following challenge, no challenge strain was observed from all tissues of three dogs of group B. However, challenge strain was detected from spleen, uterus (except one Beagle) and inguinal and retropharyngeal lymph nodes of all group A Beagles. The results of this study demonstrated that sc immunization with the lysed cells induced robust antibody and cell-mediated immune responses in Beagles. The lysed cells also conferred protection against infection with B. abortus. These results suggest that sc immunization with B. abortus lysed cells by GI24 is a good vaccine candidate against brucellosis in dogs.
INTRODUCTION
Brucellosis in dogs is usually caused by Brucella canis. In some countries, particularly such as USA and Canada, where dogs are kept in close association with cattle, brucellosis in dogs can also be caused by Brucella abortus (Bicknell and Bell 1979; Forbes 1990; Bricker and Halling 1994; Palmer and Cheville 1997) . The most likely and efficient means of cattle to dog transmission may be by contact with aborted fetus or placental membranes from cattle infected with B. abortus (Barr et al. 1986; Forbes 1990; Palmer and Cheville 1997) .
In order to eliminate brucellosis in livestock, currently only live attenuated vaccines are available. Among them, B. abortus strain S19 (strain 19) and B. abortus strain RB51 (strain RB51) are widely used (Avila-Calderon et al. 2013; Olsen 2013) . However, strain 19 does not discriminate naturally infected animals from vaccinated animals. Strain RB51 does not induce serum antibodies, discriminating vaccinated animals from naturally infected animals by the standard serological diagnostic tests (Olsen et al. 2009; Avila-Calderon et al. 2013; Olsen 2013) . Although the strain RB51 are used as a common method to eliminate bovine brucellosis, the strain RB51 survived in various lymph nodes and tissues of the dogs immunized orally or intravenously with the strain RB51 (Palmer and Cheville 1997) . In addition, they also include a great risk because of their potential ability to revert to virulent strains causing abortion, shading in milk, urine, semen or fecal matter, and then infecting the humans coming in close contact with the animals. Hence many different approaches such as killed vaccine, subunit vaccines, recombinant proteins vaccines, vector vaccines and more have been tried against brucellosis with various degree of success (Lin and He 2012; Avila-Calderon et al. 2013) .
In past few years, bacterial lysed cells have emerged as an effective inactivated vaccine candidate against broad variety of gram negative bacteria. Bacterial lysed cells are inactivated bacteria with intact cellular morphology including bacterial surface structures being sort of cytoplasmic contents (Langemann et al. 2010) . Antimicrobial peptides (AMPs) [or Host defense peptides] are a part of innate immune system (Boman 1995 (Boman , 2003 . The mechanism of action of AMPs is disruption of membrane barrier function by pore formation or induction of membrane permeabilization, without disturbing the integrity of the membrane (Gazit et al. 1995; Yang et al. 2001; Henzler-Wildman et al. 2004; Wilmes and Sahl 2014) . In addition, some AMPs have been known to function as adjuvant (King, Jim and Wittkowski 2003) . Porcine myeloid antimicrobial peptide-36 (PMAP-36) has the highest positive charge among AMPs discovered from pigs (Storici et al. 1994) . Especially, among the 36 amino acids of PMAP-36, the N-terminal α-helical domain consists of the 24 amino acids (GI24), and only the GI24 can also penetrate the bacterial membrane like PMAP-36 (Lv et al. 2014 ).
In our previous study (Kwon et al. 2016) . B. abortus lysate was conducted using GI24 and used as vaccine candidate against brucellosis in mice. The mice intraperitoneally immunized with the B. abortus lysate induced considerable serum IgG, and cytokines (TNF-a and IFN-r) associated with Th1-type immune response. In addition, the immunized mice with the lysate showed significantly protection against mice brucellosis. The aim of the present study is to evaluate the ability inducing cellular immune response as well as humoral immune response in Beagles immunized subcutaneously (sc) with B. abortus lysed cells by GI24. In addition, another objective of this study is to estimate the protective efficacy of B. abortus lysate constructed by lysis of B. abortus biotype 1 isolate from Korean cattle using GI24 against brucellosis in Beagles.
MATERIALS AND METHODS

Bacterial strains, peptide and growth conditions
Brucella abortus isolate from Korean cattle, HJL900, was used for the vaccine construct by GI24 (Kwon et al. 2016) . Brucella abortus strain 544 (ATCC 23448), a smooth, virulent B. abortus biovar 1 strain, was used as the virulent challenge strain (Lee et al. 2014) . The strain was grown in Brucella broth and on Brucella agar (Becton Dickinson, Sparks, MD, USA) at 37
• C. GI24 (GRFRRLRKKTRKRLKKIGKVLKWI-NH 2 ) peptides were chemically synthesized from Peptron (Daejeon, South Korea). 
Experimental animals
Construction of B. abortus lysed cells
Brucella abortus lysed cells constructed according to the method described in previous study (Kwon et al. 2016) . Briefly, a single of HJL900 was individually inoculated into 200 mL Brucella broth, and the cultures were incubated at 37
• C to reach an optical density of 0.3 at 600 nm. GI24 40 μg mL −1 was added into the cultured broth and was incubated at 37
• C for 24 h. After 24 h, lysis was confirmed by counting viable cells after incubation on Brucella agar for 72 h at 37
• C. The confirmed lysed cells were harvested by centrifugation at 4000 × g for 10 min. Finally, the harvested cells were resuspended in sterile phosphate-buffered saline (PBS) to approximately 3 × 10 9 cells mL −1 and stored at −20 • C until use.
Transmission Electron Microscope
The lysed cells for transmission electron microscope (TEM) to confirm the intracellular alteration of the B. abortus cells before and after treatment with GI24 peptide was prepared as the same method as for construction of B. abortus lysed cells. TEM was performed according to the method described by Lv et al. (2014) .
Immunization and sample collection
Beagles were divided into two groups, each group contains three numbers of Beagles. All Beagles were sc inoculated at 6 months of age (0 weeks post-prime inoculation (WPPI)) and were sc boosted at 3 WPPI. Three Beagles of groups A were sc inoculated with sterile PBS as the control. Group B Beagles were also sc immunized with approximately 3 × 10 9 of the B. abortus lysed cells by GI24. Blood samples were collected at 0, 3 and 6 WPPI for the evaluation of immune.
Immune responses by ELISA
Modified ELISA was performed to investigate the Brucella LPSspecific IgG titers in serum samples, using the B. Brucella Ab ELISA 2.0 kit (BioNote, Hwaseongsi, Gyeonggi-do, and Republic of Korea). Briefly, serum samples were diluted as 1:100 in PBS. The plates were treated with horseradish peroxidase-conjugated goat anti-dog IgG antibody (Bethyl Lab Inc., Montgomery, TX, USA). Enzymatic reactions were carried out by adding substrate containing o-phenylenediamine (Sigma-Aldrich, St. Louis, MO, USA) and were measured through an automated ELISA spectrophotometer (Thermo Scientific Multiskan GO, Thermo Fisher Scientific Oy, Ratastie, Vantaa, Finland) at 492 nm. Results of the ELISA are expressed as the mean optical density (OD) ± standard deviation.
Peripheral blood mononuclear cells
At 6 WPPI, blood was obtained from all Beagles and placed into an acid-citrate dextrose solution. Peripheral blood mononuclear cells (PBMCs) were enriched by density centrifugation using a Ficoll sodium diatrizoate gradient (Sigma Diagnostics, Inc., St. Louis, MO). PBMCs were diluted in RPMI 1640 medium to 2.5 × 10 6 viable cells per ml as determined by trypan blue dye exclusion. The PBMCs (5 × 10 5 well −1 ) were stimulated as previously described (Olsen et al. 2009; Surendran et al. 2013) with media as unstimulated control, Concavalin A (0.5 μg well −1 ) as positive control, or heat-killed (HK) cells (10 6 cells well −1 ) of strain 544, and incubated at 37
• C, 5% CO 2 and 95% humidity (Olsen et al. 2009; Surendran et al. 2013) . Media supernatants were collected after 72 h of restimulation and stored at −70 • C till used for cytokine measurement.
Cytokines measurement by ELISA
ELISA was used to measure the concentration of IL-4, TNF-α and IFN-γ in the supernatants using DuoSet canine cytokine reagent set according to the manufacturer's instructions (R & D system, Minneapolis, MN, USA). Results of the ELISA are expressed as the mean concentration ± standard deviation.
Challenge experiments
For challenge experiments, the challenge strain, strain 544 was prepared. Briefly, the strain was grown in Brucella broth at 37
• C for 24 h and resuspended to approximately 1 × 10 8 CFU mL −1 .
At 6 WPPI, the Beagles were fasted for 16 h prior to being anesthetized with Zoletil TM 50 (Virbac; 0.007 to 0.010 mg/kg of body weight; Carros, Cedex, France) and xylazine (2.32 to 3.5 mg/kg; Bayer Korea, Ansan, South Korea) administered intramuscularly. After four weeks challenge with approximately 10 7 CFU of strain 544 (50 μL of inoculum per eye), all Beagles were euthanized by intravenous administration of sodium pentobarbitol. Beagle samples obtained at necropsy included lymph nodes (inguinal and retropharyngeal), spleen, lung, liver, kidney, heart and uterus. Tissue samples were triturated in 0.15 M NaCl by using a tissue grinder and plated on Farrell's medium containing 5% bovine serum, antibiotics and ethyl-violet (Pedersen et al. 2014) . (Brucella-selected agar). Isolation of Brucella bacteria from lymph nodes and subsequent biochemical identification of isolates were performed by conventional methods at NVSL (Palmer and Cheville 1997) . Briefly, each node was trimmed of excess fat, dipped in 95% ethanol and flamed to remove surface contaminants. The lymph nodes were trimmed into small pieces, were weighed and were homogenized with an equal volume of sterile PBS in a stomacher blender for ≥2 min. The resulting homogenate was then swabbed onto Farrell's medium with 5% bovine serum, antibiotics and ethyl-violet (Surendran et al. 2013 ). All agar plates were incubated at 37
• C and 10% CO 2 for ≥10 days. Brucella abortus bacteria were identified on the basis of colony morphology, growth characteristics, and were confirmed by modified Brucella AMOS PCR3 (Bricker and Halling 1995) with visualization of the PCR products by gel electrophoresis. If no colony detected on the Brucella-selected agar, then the number of viable challenge strain from each tissue of the Beagles means <10 2 CFU.
Statistical analysis
To observe differences among different vaccinated groups, absorbance data values of ELISA were used for the analysis of variance with post-hoc turkey for pair-wise comparison using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Kruskal-Wallis followed by Dunn's procedure for multiple comparisons between groups was carried out to compare the log transformed CFU values in organs obtained from each immunized group of Beagles with the respective control group for bacterial challenge experiments. Statistical significance was determined at (P < 0.05).
RESULTS
Transmission Electron Microscope
As shown in Fig. 1 , complete intracellular contents and intact cell membrane of untreated B. abortus cells were observed (Fig. 1a) . On the other hand, B. abortus lysed cell treated with GI24 exhibited clear cytoplasmic spaces and the bacterial membrane disrupted with visible pores was observed (Fig. 1b) .
Humoral immune response in immunized Beagles
Serum IgG titers against the B. abortus LPS in groups A and B Beagles were 0.0735 ± 0.0183 and 0.0744 ± 0.0178 before immunization, respectively. Serum IgG titers in group A were 0.0813 ± 0.0144 at 3 WPPI); however, those in group B Beagles were increased gradually to 0.939 ± 0.1002 at 3 WPPI ( Fig. 2) (P < 0.05). At 6 WPPI, serum IgG titers in group B Beagles were increased to 1.129 ± 0.0339 (P < 0.05); however, those in group A Beagles were still 0.0747 ± 0.025.
Cytokine analysis
As shown in Fig. 3 , the mean concentrations of IL-4 against heatinactivated B. abortus cells from PBMCs of the groups A and B Beagles were 208.18 pg mL −1 ± 18.108, and 443.18 pg mL −1 ± 105.14 (P < 0.05). The TNF-α concentrations of groups A and B Beagles were 68.72 pg mL −1 ± 13.422, and 305 pg mL −1 ± 39.737 (P < 0.05). In addition, the levels of IFN-γ in groups A and B Beagles were 141.94 pg mL −1 ± 4.136, and 483.59 pg mL −1 ± 97.039 (P < 0.05).
Protection of Beagles against virulent challenge
All Beagles were conjunctivaly challenged at 6 WPPI with approximately 10 7 colony-forming unit (CFU) of the challenge strain. Among three Beagles of group A, the challenge strain was isolated from inguinal lymph node, retropharyngeal lymph node, spleen, and uterus (except one Beagle) of all Beagles and the number of isolate was 4.26 Log 10 CFU g −1 ± 0.27, 4.63
Log 10 CFU g −1 ± 0.1, 3.41 Log 10 CFU g −1 ± 0.14, and 3.34 Log 10 CFU g −1 ± 1.17, respectively. However, in three Beagles of group B, the challenge strain was not isolated from all tissues tested in this study (Fig. 4) .
DISCUSSION
Brucella is a facultative intracellular pathogen, which invades and multiplies intracellularly in macrophages within the host system (Bowden et al. 1995; Baldwin and Goenka 2006) . Although humoral and cell-mediated immune responses can change the course of Brucella infection, cell-mediated immune response is crucial to clear Brucella from the host organism (Schurig, Sriranganathan and Corbel 2002) . In particular, the Th1-type immune response mediated by interferon gamma (IFN-γ ) helps to defend Brucella infections (Zhan, Kelso and Cheers 1993) . Strong Th2-type humoral immune response, such as serum IgG, is also necessary to protect hosts against infection by intracellular pathogens (Roesler et al. 2006; Brumme et al. 2007; Adone et al. 2012) , because systemic antibodies eliminate the pathogens from the blood and promote their phagocytosis by opsonization (Mastroeni et al. 2001; Brumme et al. 2007) . As reported in previous study (Kwon et al. 2016) . A novel method to develop an inactivated B. abortus vaccine candidate is based on B. abortus lysis using one of the modified PMAP-36, GI24, leading into the inducing empty cell envelops, termed B. abortus lysed cells. The lysed cells were used as vaccine candidate in murine model (Kwon et al. 2016) . Mice, immunized intraperitoneally with the lysed cells, induced considerable serum IgG, TNF-a and IFN-r. In addition, vaccination with the lysed cells effectively protected mice from systemic infections of virulent B. abortus. In present study, we have evaluated humoral immunity as well as CMI induced by immunization with the B. abortus lysed cells and its protective efficacy against B. abortus strain 544 challenge infection. Approximately 3 × 10 9 of B. abortus lysed cells were chosen as dose for sc immunization. Strong serum IgG are necessary to protect host against infection by intracellular pathogens (Roesler et al. 2006; Brumme et al. 2007; Adone et al. 2012) , because serum IgG help to clear the pathogens from the blood and to promote the efficacy of their phagocytosis by opsonization (Mastroeni et al. 2001; Brumme et al. 2007 ). In present study, serum IgG were investigated in Beagles sc immunized with the B. abortus lysed cells. The serum IgG titers in the lysed cells-immunized group Beagles were significantly increased compared to those of the un-immunized group. Furthermore, the induction of cytokines from PBMCs collected from all Beagles immunized with the B. abortus lysed cells, and re-stimulated in vitro with heatinactivated B. abortus whole cells indicated a powerful Th2-type immunity (IL-4 levels represent the Th2 bias of immunity). These results show that serum IgG, and the productions of cytokine, which are associated with enhancing IgG response, were significantly increased by the B. abortus lysed cells by GI24. It has been reported that some AMPs can perform the functions as adjuvant as well as antimicrobial (King, Jim and Wittkowski 2003) . These results show that GI24 may be carried out function as adjuvant.
It is well known that Brucella is a facultative intracellular pathogen. For clearance of intracellular pathogen, CMI is essential (Zhan, Liu and Cheers 1996; Baldwin and Goenka 2006) . Therefore, in present study, we evaluated cellular immune response using cytokines ELISA kits. After all, showed high TNF-α and IFN-γ concentrations in the culture supernatant when PBMCs re-stimulated in vitro, giving an indication of Th1 type of immune response that is in balance with previously shown protective response. For efficient macrophage function such as killing and clearance of intracellular pathogen, IFN-γ is an essential effector cytokine (Svetic et al. 1993; Murphy et al. 2001) In the presence, a strong Th1 responses (TNF-α and IFN-γ ) were induced by sc immunization with the B. abortus lysed cells. These results show that immunization with the B. abortus lysed cells effectively produces the cytokines, which are related to CMI. In addition, these results suggest that future study is necessary to confirm function as adjuvant inducing powerfully both humoral and cell-mediated immune responses in Beagle. In canine models, criteria for clinical signs of brucellosis by B. abortus are not well established (Forbes 1990; Palmer and Cheville 1997; Baek et al. 2003) . A major difficulty that has prevented the development of a vaccine against Brucella is the lack of the definite proof of efficient protection. We attempted to isolate challenge strain, B. abortus strain 544 in heart, inguinal lymph node, kidney, liver lung, mammary grand, medial retropharyngeal lymph node, spleen and uterus on 4 weeks after challenge. Among three Beagles of immunized group, no challenge strain was observed from tested all tissues of all dogs, whereas the challenge strains were detected from spleen, uterus (except one Beagle), and inguinal and retropharyngeal lymph nodes of all unimmunized Beagles. Infection of these sites, such as spleen, retropharyngeal lymph node, does not result in shedding of Brucella strains in urine, feces or estrual discharges (Palmer and Cheville 1997) . Persistent infection in oropharyngeal lymph nodes after challenge is consistent with previous findings after the use of virulent strains of B. abortus in dogs (Van der Hoeden 1993). Moreover, a considerable number of the challenge strains were isolated from uterus of two Beagles among unimmunized dogs, whereas no isolates were observed from three immunized Beagles. The infection in this region can result in abortion when the dogs become in pregnancy. Overall, these results show that that immunized Beagles with B. abortus lysed cells by GI24 exhibited significantly greater protection than unimmunized Beagles. This observation suggests that sc immunization with the B. abortus lysed cells involves intact cell membrane structure, which is a potent natural immunogen. Therefore, our B. abortus lysed cells elicit antibodies to B. abortus, which are effective at protecting the Beagles from brucellosis.
In summary, the results of this study demonstrated that sc immunization with approximately 3 × 10 9 of B. abortus lysed cells induced robust antibody and cell-mediated immune responses in Beagles. The vaccine conferred protection against infection with B. abortus. Thus, we suggest that sc immunization with approximately 3 × 10 9 CFU of the B. abortus lysed cells is a good vaccine candidate against brucellosis. In addition, this study suggests that future study using the B. abortus lysed cells by GI24 is necessary for more powerful protection in pregnant Beagles.
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